Background Infection is a common phenomenon following stroke, and adversely affects outcome. Previous studies suggest that interleukin-1 receptor antagonist (IL1ra) and single nucleotide polymorphisms (SNPs) in the IL1RN gene might influence the risk of post-stroke infection and outcome. In this study, we addressed the effects of the rs4251961 SNP in IL1RN on infection risk and outcome. Methods Subjects with acute ischemic stroke were enrolled within 72 h of symptom onset and followed up to 1 year. Plasma IL-1ra was measured at multiple time points and outcome assessed at 1, 3, 6, and 12 months. Active surveillance for infection occurred while subjects were hospitalized. Subjects were genotyped for the IL1RN rs4251961 polymorphism. Results In the population of 113 subjects for this study, those with the minor C allele of rs4251961 polymorphism in IL1RN were more likely to be Caucasian, hypertensive, and to be afflicted with coronary heart disease. Higher plasma IL-1ra was associated with an increased risk of infection (other than pneumonia), and the minor C allele of rs4251961 was independently associated with a decreased risk of infection (other than pneumonia). Initial plasma IL1ra was not predictive of long-term outcome, but patients with the minor C allele of rs4251961 were more likely to experience good (modified Rankin Score <2) long-term outcome. Conclusions These data indicate that IL-1ra and IL1RN may influence the risk of infection after stroke, but this influence seems limited to infections other than pneumonia. Further studies are needed to better understand the complexities of immune regulation on infection and outcome after stroke.
Introduction
Interleukin-1 receptor antagonist (IL-1ra) is an endogenous immunomodulatory cytokine encoded by IL1RN on chromosome two that inhibits the actions of IL-1a and IL-1b [1, 2] . IL-1ra is secreted by cells of the immune system as well as a variety of other cell types; it is also considered to be an acute phase reactant and is secreted by the liver [3] . In animal studies, exogenous administration of IL-1ra or overexpression of IL-1ra improves outcome from experimental stroke [4] . In a clinical study, we found that elevated plasma IL-1ra early after stroke independently predicted infection within the first 15 days after stroke [5] . Importantly, infection is an independent predictor of poor outcome after stroke [6, 7] . Polymorphisms in IL1RN that affect the production of IL-1ra thus have the potential to influence infection risk and stroke outcome. The minor IL1RN*2 allele of the variable number tandem repeat (VNTR) of IL1RN, for instance, is reported to be associated with increased IL-1ra production in most studies [8] [9] [10] [11] . There are some studies, however, which have noted that IL1RN*2 is associated with decreased IL-1ra production, increased inflammation and inflammatory diseases, as well as risk of cancer [12] [13] [14] [15] [16] [17] . These observations suggest that the genetic regulation of IL-1ra and inflammation is thus complex and likely context dependent.
In a study of 391patients with ischemic stroke, those who were homozygous for IL1RN*2 had better neurological outcomes, but the allele was associated with an increased risk of early death [18] . The authors hypothesized that IL1RN*2 was associated with increased IL-1ra (although IL-1ra was not assessed), and IL-1ra is neuroprotective experimental stroke. Further, the increase in early death was attributed to infection, although no infections were explicitly tracked. The minor C allele of the single nucleotide polymorphism (SNP) rs4251961 SNP in IL1RN is associated with lower concentrations of plasma IL-1ra, and increased IL-1b and C-reactive protein (CRP) [19, 20] . In this study, we sought to determine whether the plasma IL-1ra concentrations after stroke were predictive of outcome and whether the rs4251961 polymorphism in IL1RN influenced the risk of post-stroke infection risk or stroke outcome.
Materials and Methods

Research Subjects
Patients with ischemic stroke admitted to Harborview Medical Center from 9/2005 to 5/2009 who were at least 18 years of age were enrolled within 72 h of symptom onset. Individuals with ongoing therapy for malignancy, known history of HIV, hepatitis B or C, history of brain tumor, anemia (hematocrit <35 on admission), and those taking immunomodulatory medications were excluded. Blood was drawn as soon as possible after stroke onset and at 3, 7, 30, 90, 180 and 365 days. Blood was also drawn from 40 volunteers to determine normative data for IL-1ra. All aspects of this study were approved by the University of Washington Institutional Review Board; subjects with stroke or their surrogates as well as control subjects provided informed consent.
Clinical Data
Clinical and demographic data were collected on all subjects with stroke. Stroke severity was determined by the National Institutes of Health Stroke Scale (NIHSS) score and outcome by the modified Rankin Scale (mRS). There was active ascertainment of infection in patients. Infection was defined as clinical symptoms of an infection (including fever as well as pyuria for urinary tract infection [UTI], productive cough, and radiographic evidence of consolidation One horizontal line over the box plots at a given time point indicates that the groups differ from each other at P < 0.05; two horizontal lines indicate that the groups differ from each other at P < 0.01 (KruskalWallis H test). An asterisk (*) indicates that the group differs from controls at P < 0.05; ** indicates that the group differs from controls at P < 0.01 (Mann-Whitney U test) 
Laboratory Studies
Plasma was frozen at -80°C within an hour after blood draw; the concentration of circulating IL-1ra was measured using a cytometric bead-based system (Fluorokine MAPÒ; R&D Systems). The sensitivity of the assay was 2.23 pg/ mL.
IL1RN SNP Genotyping
DNA was extracted from blood plasma samples using QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA) per manufacturer's protocols. Genotyping for the IL1RN rs4251961 was carried out using TaqMan SNP Genotyping Assay Sets and Master Mix (Applied Biosystems, Carlsbad, CA). In brief, 2 ng of sample DNA was genotyped per manufacturer's protocols on StepOnePlus TM Real-Time PCR System (Applied Biosystems) under the following cycling conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. An allelic discrimination plot was then generated using StepOne Software v2.0 (Applied Biosystems). All samples were processed in triplicate. The reproducibility of the plasmabased PCR genotyping method was confirmed by carrying out identical PCR-based genotyping on DNA extracted from isolated leukocytes in a subset (N = 42) of subjects. In these 42 subjects there was 100 % concordance between the plasma-based and leukocyte-based samples.
Statistics
Descriptive data for continuous variables are presented as mean and standard deviation (SD) or median and interquartile range (IQR). Data for categorical variables are presented as percentages. Group comparisons are performed using analysis of variance (ANOVA) and the t-tests for parametric data, and the Kruskal-Wallis H test or Mann-Whitney U test for nonparametric data. Categorical data are compared using the v 2 test statistic. Logistic regression was used to estimate the odds ratio (OR), and 95 % confidence interval (CI) for the effect of plasma IL1ra and the rs4251961 SNP in IL1RN on infection risk and NIHSS National Institutes of Health Stroke Scale, AF atrial fibrillation, CHD coronary heart disease, DM diabetes mellitus, HTN hypertension, PNA pneumonia a Some patients had more than one infection, which is the reason that the number of PNAs and other infections exceeds any infection; NS not significant and indicates P C 0.200 Patients are excluded stepwise based on their time to infection to avoid confounding by infection-related increases in IL-1ra. Two patients were excluded from analyses-1 was infected at the time of stroke onset and the other died before day 15
OR odds ratio, CI confidence interval, IL-1ra interleukin-1 receptor antagonist, PNA pneumonia, NIHSS National Institutes of Health Stroke Scale, NS not significant (P C 0.200), NC not calculable outcome. Good outcome was defined as mRS < 2. Significance was set at P < 0.05.
Results
Genotyping was possible in 113 of the 114 subjects enrolled in this study. Among these 113 subjects there was a rapid and sustained elevation of IL-1ra after stroke (Fig. 1) . Subjects with the most severe strokes (NIHSS C17) had the highest plasma IL-1ra. IL-1ra concentrations were the highest on day 7 after stroke, but remained elevated in comparison to the control population until at least 180 days after stroke. The concentrations of IL-1ra in plasma were more highly correlated to clinical stroke severity (NIHSS score) than infarct volume at all-time points; at 3 days after stroke onset, the correlation between IL-1ra and NIHSS score was q = 0.399, P < 0.001, and the correlation between IL-1ra and infarct volume was q = 0.265, P < 0.010. Subsequent models were thus corrected for the NIHSS score. The IL1RN allele frequencies for rs4251961 did not differ from the Hardy-Weinberg equilibrium among our subject population: TT (49 %), TC (36 %), CC (15 %). The characteristics of these subjects are detailed in Table 1 . Subjects with the minor C allele of the rs4251961 SNP in IL1RN were more likely to be Caucasian, having coronary heart disease (CHD) and hypertension (HTN). The data suggest increased rates of PNA in subjects with the minor C allele, but this increase was not statistically significant. There were no differences in the concentrations of plasma IL-1ra at any time point among subjects with different genotypes (data not shown).
We previously showed that an early elevation in IL-1ra was an independent risk factor for infection in the first 15 days after stroke [5] . The median time to PNA was 5 days; the mean time to any infection was 8 days. The effect of IL-1ra on infection risk was true only for infections other than PNA (Table 2) . Despite the lack of difference in IL-1ra concentrations among subjects with different genotypes, we built logistic regression models to test the association between infection and the minor C allele of rs4251961 SNP. The model was controlled for stroke severity (using the NIHSS) as well as those characteristics that differed (P < 0.100) among subjects with the different genotypes at baseline ( Table 1 ). The presence of a C allele did not affect the overall risk of infection, but was associated with a decrease in the risk of infections other than PNA (Table 3) .
No effect of early plasma IL-1ra on stroke outcome at any time point was seen using a logistic regression model controlled for known predictors of stroke outcome (age, stroke severity and infection) as well as for characteristics that differed between subjects with different IL1RN genotypes (race, CHD, HTN). The effect of the IL1RN genotype on outcome after stroke was also explored controlling for these same variables (Table 4) . At 1 year after stroke onset, those individuals with a C allele were nearly 8 times more likely (when controlled for initial NIHSS) to experience a good outcome (mRS <2).
Conclusions
In the cohort of 113 subjects for this study with ischemic stroke, we found that those with the minor C allele of the Table 4 The predictive value of the minor C allele of the IL1RN SNP rs4251961 on good outcome (mRS < 2) after stroke SNP single nucleotide polymorphism, mRS modified Rankin Scale, OR odds ratio, CI confidence interval, NIHSS National Institutes of Health Stroke Scale, CHD coronary heart disease, HTN hypertension, NS not significant (P C 0.200) a Denotes infection by day 15 after stroke rs4251961 SNP in IL1RN were more likely to be Caucasian and more likely to have CHD and HTN. This observation needs to be confirmed in a larger population, but it is intriguing to speculate that the minor allele of this SNP could contribute to vascular risk factors and vascular damage. In fact, mice that lack IL1RN develop arterial inflammation [22] . The C allele of rs4251961 is associated with decreased ex vivo cellular production of IL-1ra, decreased plasma IL-1ra, and increased plasma IL-1b and CRP in healthy individuals [20, 23] . These observations suggest that the C allele of the rs4251961 SNP is associated with chronic inflammation and may predispose to vascular disease. The fact that we did not detect differences in plasma IL-1ra among subjects with different alleles of the rs4251961 SNP in this study may be related to the relatively small sample size, the possibility that changes in IL-1ra production induced by the acute stroke may have overwhelmed any potential effect of the SNPs, or that genetic regulation of IL-1ra is complex and context dependent. We previously showed that plasma IL-1ra was an independent predictor of post-stroke infection. We now extend those analyses and show that the increased risk applies only to infections other than PNA. Based on prior reports showing a decrease in IL-1ra in subjects with the C allele of rs4251961, we anticipated that subjects with this allele would experience a decreased risk of infection. The data, however, show no association between the C allele and overall infection risk. Interestingly, similar to the data for IL-1ra, there appears to be a differential effect of the C allele on infection risk depending on the type of infection in question; the C allele was associated with a decrease in the risk of infections other than PNA. Since the risk of PNA is so closely linked to stroke severity and the ability to protect the airway (including the level of consciousness and the degree of dysphagia/risk for aspiration), these observations suggest that the effect of cytokines/genes on infection risk (i.e., PNA) might be overpowered by other factors (i.e., dysphagia and the risk of aspiration).
There are strong preclinical data suggesting a neuroprotective role for IL-1ra in cerebral ischemia; both overexpressions of IL-1ra and exogenous administration of IL-1ra are associated with improved outcome from experimental stroke [4] . Our data show a marked increase in endogenous levels of IL-1ra after stroke onset with an associate increase in infection independent of stroke severity. Exogenous administration of IL-1ra and medications that increase IL-1ra production also appear to be associated with an increased risk of infection [24] [25] [26] .Gromadzka and colleagues [18] , in their study, suggest that the IL1RN*2 allele of the VNTR polymorphism is associated with increased IL-1ra production and suggest that this allele may be associated with better long-term outcome because of the neuroprotective properties of IL-1ra. They further suggest that the early increase in mortality associated with the IL1RN*2 allele of the VNTR polymorphism may have been related to infection, although no data about infections were provided. While most publications suggest that the IL1RN*2 allele of the VNTR polymorphism is associated with increased IL-1ra [8] [9] [10] [11] , there is no universal agreement on this point. The regulation of IL-1ra is likely dependent on a complement of genes as well as environmental context; since IL-1ra was not assessed in this study, the actual mechanism by which IL1RN*2 affected outcome is unclear. We hypothesized that the C allele of rs4251961, which is associated with decreased ex vivo cellular IL-1ra production and decreased plasma IL-1ra in healthy individuals [19, 20] , would be associated with worse stroke outcome. On the contrary, subjects with this allele were more likely to experience good outcomes after stroke, although the results were not significant at each time point.
To our knowledge, this is the first study to examine the effects of the rs4251961 SNP in IL1RN on post-stroke infection and stroke outcome. The complexities of understanding how the immune response following stroke modulates the risk of infection and stroke outcome are highlighted. Previously, it was shown that endogenous increases in IL-1ra were associated with the increased risk of infection and that SNPs in IL1RN which lead to increased IL-1ra production, are associated with better outcome in those who remain infection free [5, 18] . In the current study, we showed that the C allele of rs4251961, which leads to decreased IL-1ra production, was associated with decreased risk of infection (other than PNA) as predicted, but counter to what was predicted, this SNP was also associated with good outcome. Because the study is relatively small (N = 113) and the number of variables entered into the logistic regression models is relatively large, the findings will need to be replicated in a larger population. The preliminary data presented here, however, suggest that the genetic profile of individuals may affect the risk of poststroke infection and influence stroke outcome.
